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Introduction
In survey sampling, it is assumed that all the observations are correctly measured on the characteristics under study. But in practice, when we fail to collect the complete information on different variables, non-response is supposed to occur. Non-response occurs due to many reasons, which includes the lack of information provided by respondents, also some of the respondents refuse to answer the questionnaire, sometimes it is difficult to find out the respondents, etc. The common approach to overcome non-response problem is to contact the non-respondents and obtain maximum information as much as possible. Generally auxiliary information is used to increase the precision of the estimators when there exists a correlation between the study and the auxiliary variables. Ratio, product and regression estimators are good examples in this context. In daily life there are many situations when we are unable to access the complete information either on the study variable or the auxiliary variable or at the same time both on the study and the auxiliary variables. Hansen and Hurwitz (1946) were the first to suggest a nonresponse handling technique in mail surveys combined the advantages of mailed questionnaires and personal interviews. Later on, several authors, including Srinath (1971) , selected the subsample of non-respondents, where the sub-sampling fraction varied according to the non-response rates. Rao (1986) suggested a ratio type estimator for population mean, in the presence of non-response for twophase sampling, when the population mean of the auxiliary variable x was unknown and non-response occurred on the auxiliary variable. Khare and Srivastava (1993 , 1995 , 1997 and Olkin (1958) suggested different ratio and product types estimators for estimation of population mean using the auxiliary information under non-response. Similarly, Singh and Kumar (2008) and Singh et al. (2010) have made significant contributions and proposed ratio, product and difference classes of estimators under non-response. El-Badry (1956) , Bahl and Tuteja (1991) , Kumar and Bhougal (2011) , Muneer et al. (2017) and Ismail et al. (2011) suggested many estimators in two-phase sampling with sub-sampling of non-respondents in estimating the finite population mean. Khare and Sinha (2007 , 2009 proposed some classes of estimators for estimating population mean in the presence of non-response using multi-auxiliary characters in different ways. For controlling the non-response bias and eliminating the need for call backs in survey sampling, Tabasum and Khan (2006) , Shabbir and Nasir (2013) and references cited therein have discussed some good techniques and plans for the estimation of finite population mean followed the technique proposed by Hansen and Hurwitz (1946) using one or more auxiliary variables in the presence of non-response. Now, we explain the Hansen and Hurwitz (1946) strategy for non-response. Suppose a finite population U = (1, 2, ..., N) of size N units can be divided into two classes N = N 1 +N 2 . Let N 1 and N 2 be the number of units in the population that form the response and non-response classes respectively. We draw a sample of size n units from U by using a simple random sample without replacement (SRSWOR) sampling scheme. Let r 1 units respond and r 2 = (n − r 1 ) units do not respond in the first attempt. Let a subsample of size k 2 units be selected from r 2 non-respondents units, such that r 2 = k 2 h, (h > 1). Let y i and (x i , z i ) be the values of the study variable (y) and the auxiliary variables (x, z) respectively. Letȳ and (x,z) be the sample means corresponding to population meansȲ and (X,Z) respectively.
Notations and Symbols with Selected Estimators
To obtain the properties of estimators, we define the following symbols and notations. Let
are the relative error terms, such that E(e i * ) = 0, (i = 0, 1, 2), E(e i ) = 0, (i = 1, 2).
2 ) = λC 2 z + θC 2 z(2) = V * z , E(e * 0 e * 1 ) = λC yx + θC yx(2) = V * yx , E(e * 0 e * 2 ) = λC yz + θC yz(2) = V * yz , E(e * 1 e * 2 ) = λC xz + θC xz(2) = V * xz , E(e * 1 e 1 ) = E(e 2 1 ) = λC 2 x = V x , E(e * 0 e 1 ) = E(e 0 e 1 ) = λC yx = V yx , where
N . Now, we review some important estimators which are available in the literature.
1. Hansen and Hurwitz (1946) were the first who formulated an unbiased estimator of the population meanȲ of the study variable Y in the presence of non-response. Initially they considered the mailed survey in the first attempt and personal interviews in the second attempt after the deadline was over. The estimator is given byȳ
2. The ratio and product estimators under non-response case. When non-response exists on the study variable y as well as on the auxiliary variable x, the traditional ratio and product estimators for population meanȲ are given byȳ *
whereȳ * andx * are the Hansen and Hurwitz (1946) estimators for population meansȲ andX respectively and are defined byȳ * = r 1 n ȳ r 1 + r 2 n ȳ k 2 and x * = r 1 n x r 1 + r 2 n x k 2 with (ȳ r 1 ,x r 1 ) and (ȳ k 2 ,x k 2 ) are the sample means of (y, x) based on the samples of r 1 and k 2 units respectively.
The MSEs ofȳ * R andȳ * P , to the first order of approximation, are given by
and
We observed thatȳ
3. Rao (1986) suggested ratio and product estimators under no-response. When non-response exists only on the study variable y, while the complete information on the auxiliary variable x is available, the ratio and product estimators, are given byȳ *
andȳ *
wherex is the sample meanX based on complete information, andX is the population mean of the auxiliary variable.
The MSEs ofȳ * Rao(R) andȳ * Rao(P) , to the first order of approximation, are given by
Note thatȳ
4. Bahl and Tuteja (1991) exponential ratio and product type estimators for population meanȲ , when non-response exists on the study variable y as well as on the auxiliary variable x as:
The MSEs ofȳ * exp(R) andȳ * exp(P) , to the first order of approximation, are given by
Both the estimatorsȳ * exp(R) andȳ * exp(P) are more efficient thanȳ
5. Singh and Kumar (2008) suggested ratio, product and difference type estima-tors in the case of non-response. They considered the situation in which the population mean of the auxiliary variable x is known, but some units fail to provide information on the study variable y and the auxiliary variable x. The estimator is given by:ȳ *
wherex * andx, both are unbiased estimators of the population meanX of the auxiliary variable x. The MSE ofȳ * SK(R1) , to the first order of approximation, is given by
Note thatȳ * SK(R1) performs better thanȳ
The product estimator of the above mentioned situation is
The MSE ofȳ * SK(P) , to the first order of approximation, is given by
Note that MSE ofȳ * SK(P) , is smaller thanȳ Singh and Kumar (2008) also suggested the generalized ratio-type estimator of the above mentioned situations as
where α 1 and α 2 are constants whose values are to be determined.
The minimum MSE ofȳ * SK(R2) to the first order of approximation, at optimum values of α 1 and α 2 i.e.
Note thatȳ * SK(R2) performs better thanȳ * if
> 0 Singh and Kumar (2008) also suggested a difference type estimator in the case of non-response as 
, is given by,
Note thatȳ * SK(d) performs better thanȳ * if Kumar and Bhougal (2011) proposed ratio-product-type exponential estimator for the population meanȲ , when non-response exists on both the study variable y and the auxiliary variable x as
where α is a constant whose value is to be determined. The minimum MSE ofȳ * KB at optimum value of
, to the first order of approximation, is given by
Note thatȳ * KB performs better thanȳ * if
> 0, which is always true.
Class of Estimators
In application, our purpose was to construct a type of general class of estimators which contains many estimators, stable and efficient. So motivated by Singh and Shukla (1993) and Shukla et al. (2012) , we propose the following general class of estimators in the case of non-response exists on the study variable as well as on the two auxiliary variables. Initially Bahl and Tuteja (1991) gave the idea of exponential ratio type and product type estimators for estimating the population mean by using the single auxiliary variable. Also, we can generate many more estimators by substituting different values of (K i , i = 1, 2, 3, 4). The proposed estimator is constructed by combining the ideas of Bahl and Tuteja (1991) , Singh and Shukla (1993) and Shukla (2012) , given bȳ
where "prop" indicates proposed.
Substituting different values of K i in (25), we can generate many more different types of estimators from our proposed class of estimators given in Table 1 . 
where 2 ).
The bias ofȳ * prop to the first order of approximation, is given by
The MSE ofȳ * prop to the first order of approximation, is given by
.
Solving above equation, we have
Differentiate Eq. (29) with respect to σ 1 and σ 2 , we get the optimum values of σ 1 and σ 2 i.e.
Substituting the optimum values of σ 1(opt) and σ 2(opt) in Eq. (29), we get minimum MSE ofȳ * prop , given by
Theoretical Comparison
A comparison of our MSE estimator and previously presented 12 different estimators is given as • By variance of Hansen and Hurwitz (1946) estimator and our MSE estimator:
• By MSE of Rao (1986) estimator and our MSE estimator:
•By MSE of Rao (1986) estimator and our MSE estimator:
• By MSE of ratio estimator and our MSE estimator:
• By MSE of product estimator and our MSE estimator:
• By MSE of Bahl and Tuteja (1991) exponential ratio estimator and our MSE estimator:
• By MSE of Bahl and Tuteja (1991) exponential product estimator and our MSE estimator:
• By MSE of Singh and Kumar (2008) ratio type estimator and our MSE estimator:
• By MSE of Singh and Kumar (2008) product type estimator and our MSE estimator:
• By MSE of Kumar and Bhougal (2011) ratio and product type estimator and our MSE estimator:
• By MSE of Singh and Kumar (2008) chain ratio type estimator and our MSE estimator:
> 0, where
• By MSE of Singh and Kumar (2008) difference type estimator and our MSE estimator:
The proposed class of estimators performs better than all other considered estimators, if the above mentioned conditions (i) − (Xii) are satisfied.
Numerical Comparison
To observe the performance of our proposed generalized class of estimators with respect to other considered estimators, we use the following data sets, which were earlier used by many authors in the literature. We used different values of h, i.e. 2, 4, 6, 8 and 16, in Tables 2-4 in our study. We use the following expression to obtain the percent relative efficiency (PRE) for different estimators using different values of h: 
Discussion and Findings
In Table 2 , PRE of the proposed class of estimatorsȳ * prop and Rao (1991) ratio estimatorȳ * Rao(R) decrease as the values of h increases from 2 to 16. On the other hand, the situation is reverse for the estimatesȳ Table 3 , the performances of the proposed estimatorȳ * prop and all the other considered estimators decrease with an increase in the value of h. In Table 4 , PRE of the proposed class of estimatorsȳ * prop and Singh and Kumar (2008) estimatorȳ * SK(R1) , increase with an increase in the values of h. Also in this table, PRE of other estimatorsȳ * Rao(R) ,ȳ * exp(R) ,ȳ * SK(R1) ,ȳ * KB ,ȳ * SK(R2) ,ȳ * SK(d) decreases with an increase in the value of h. In Tables 2, 3 and 4, we observe that the product type estimatorsȳ * Rao(P)ȳ * P ,ȳ * exp(P) andȳ * SK(P) perform very poorly because of positive correlation in data sets 1, 2 and 3. Generally, we can use product type estimators when there exists a negative correlation between the study variable and the auxiliary variable.
Conclusion
We proposed a generalized class of estimators for estimating the population mean using information on two auxiliary variables under non-response in simple random sampling. Expressions for bias and MSE of the proposed generalized class of estimators are derived up to the first degree of approximation. The proposed estimator y * prop is compared with Hansen and Hurwitz (1946) estimator and other considered estimators. A numerical study is carried out to support the theoretical results. In Tables 2, 3 and 4, the proposed class of estimators performs better than all other competitor estimators under non-response in simple random sampling. The product type estimators perform poorly because of positive correlation in all data sets. Therefore, the proposed class of estimatorsȳ * prop is preferable in different situations, i.e. when no auxiliary variable, single auxiliary variable, and two auxiliary variables are used. It is observed that the Singh and Kumar (2008) 
